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i~i ASSTRACT

TJe eujuatlons of motion of rn airs~hip encounterng discrete-

i,.- u~ a ,J u: u e *.. . r., ...e P, rai load% ore otcmu-7

iated. The avirdyna.mlt forces and moment% due to t1% gust and the resulting

i ' motion are derivea rrom ;wrvjr-6body theory. Corrections ore applied to

'-: the response and loads of a typical irsha peneiraiing a discrete one-nkinus-
'° !' coine ust nd runv-so,: V bulence. The discrete gust results Ind~cat,3 that

: crittcctl loads on the encolope and tail are caused by a gust length eqval to

.. ' the length of the airship. Thot random gust results Indicate that the critical

'. " ;Cale of turbulence is also opprxi mat-91v one air~hlp, lenth. On the bn':. is

. . of these computations a rational procedure In airship gust load cri'eria is
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L , CHAPTER I ,

INTRODUCT ION

1. 1 Historical Background

Previous work on gust load analysis of airships is lrn'ted and

scottered. The earliest signfkc:nt Investigaoron in this file!d was conducted
jby Munk -2fs. 1 and2) who usod potentiot-theory to calculate the forces

and moments on airship hut Is in st'.,dy flow. Further theoretical treatmers

, usinp -ion-viscous theoies were pursued by Zahm (Ref. 3) and Upson and

KI'<off (Ref. 4) who obtained essentially th3 same results as Munk. Some
) early applicc-tions of Munk's potential theory in determining the loads im-

K , posed by guts on rigid airships are presented in Refs. 5 through 7. .A

An earlyattack on the o *e;_if f*1* ce 7ci on dyo

revolution %as mo.-kls by Harrtngton In Ref. 8. Harrington determined experi-

mentally the disribution of vorticity in the waka of tYi body from which he

was able to calculate the lift by using Prandtl's lifting-line theory. His

results compared fovorably with measured values. Ir 1938 Kuethe (Pef. 9)

used a water trnk 'o determine the forces and moments on a model of the

Akron-Macor, class from the recorded lateral and pitching accelerations of

the center of buoyancy. A gust with, n velocity gradient was simjlated by a
flow in a channel normal to the path of th-emodel.

Recent investigations into the naturo of the forces acting on bod; -

of revolution were conducted by Alien and Perkins (Ref. 10) and re'ined by $

Kelly (Ref. 11) who determined the normal force and pitching moment for

angles of attack beyond the range of potentci theory. Their method con-
sidered the additional force generated by the viscosl;y of the cross-flow and
their results agreed well with experiment. At about the same time Hill(Ref. 12)

1 •ASRL TR 72-1 1
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deveiopo!.J a theory by which the loading wais p!-dicted by replacing the

body surface with a vortex sheet,

Investigations of the l ift and rromient acting on a slender body

performing urntoo.dy motion wvire conducted both theore~tically and experi-

mf ntul ly by Ashley, Zartorian and Neilsor (R-1 13). Foss ' Ref. 14) dlotrr-

mint-d expressions for the growl~i of lift and mome~nt acting on a slender body

as it penetraoos a discrete gust.

- ~,,vei-atiori of air-,hip gust loodino
was ':onducted by Flomrenhoft (Ref. 15) who determined the trnrsient motion

of on airship in resoonse to discrete gusts strikirnq the fins.

1. 2 Ciect )f the Presen( lnvei !Pction

Current dlesign methods for present day airships are based

primarily Gn sorr-e-r-irtcal techniques. Th-j envelope and fins are designed

using the concept of a sharp-edged gust appliec directly to the stern of the

airship (ief. 16). A more realistic analysis cor-'sdering the transient effect-

resulting from the grodual peneration of the or.lope into a gust ,ront is

!t is the purpose of the present invetlgot ion to apply the new

techniques which have been dltvelnped for airplanes to the response of air-

ships to gusts. The gradual penetration of the airship into the gust front

witii"considered aita tri revultina rou,onses an~d loads deatowrinod. Rec,-nt-

ly, the application of poneralized harmonic analysis to the gust response of

airplanes has enjoyed some measure nf success. The de~termination of the

response of airsl~ios tarandom gust disturbances c'pears to beffore Oppro-

rather tac sin-fle "criticl~s"

A5'RL TR 72-1 2



obiained by the semii-empirical approach. ()n the baisis of these cat-

* cjlations, critical design parameters for tho o-irvelope and. empennage

of nan-rigid airships :urrendy> in operation will be derived.

ASRL~~ 4R7-
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CHAPTER II

EQUATIONS OF MOTION

The present problem is to 2etrm;ne the ve;tcal and pitching

motions cnd the structural loads of an airship iesu!ting f.om a vertica! gust

disturbance WG . This gust is comridred i-niform in the direction normal

to the plane of motion of the airship. It ;s f-.rher o. ssumed that during gust

oncounter the controls of the airship r.ain lucked and its forvcrd velocity

aV is con-tan;.

Thir oordinate system of the ,irsh;p in a disturbed con 'ition

I is shown in FiptLre I where h is the vertical ,.spbcament of the cente- ot

gravity and A the pitch angle, defineJ prve us 3.,,.-, .- D(x , t)

be 'he digri;buted locJing 'cting cn the air shy, ther;, tor equilibrium in

the vertical d;recton

p 'x, lx 0

A~ (2. 1)

and for quilibr'um of moments about the cente.r of gravity

(2.2) ,

the distributeA loading is derived cm ons;- .rat ton of thee disturbance, (2.2)
motio.,, and inertia forces .cting onthe a'rsn'p and mato, wriflen as

ASRL TR 72-1 4
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(x 7 , x)

, ' i'" ' where IoPX arnd "-/, art, the dis~f Ibutea aero_-_ynam,c-,orc.v s ''

i!.,, ;du,4 to motion and distuirbance rnd re(x) is the ditibutb, mass of the air-
iii

ship. Substituticn of Eq. (2. 3) Into FZ:%. (2. 1)and (2. 2) results 'n the

following statenier.; of equilibrium:

i (2..' =) ..,(2,,A)

4, ,t'

w,1ere M is the mass of the airship and I the Fpichirtg moment of irieitia

about the center of gravity.

2. 1 Aftodynamic Force Due to Motion
S

2.1.1 Lift Due to Motion

The aerodynamic forces and morr-nts jcting on the airship

performing unsteodf motion& will be ,;'.rived by linearized slender-body
p {; theory. Slender-body theory was first applied by Mink (Ref. 1) to the

'aIculation of the force. ,n airship hulls urnd later extended by R. T. Jones

ASRL TR 72-1 5

N i

%" % J



to i!ende, wings in steady flow, Ref. 18. e^n excellent review of its d.-'

ment and applicatlons is given in Refs. 19 and 20. The major ossumption i de

in slender-body theoty is that the momentum of the flow in a plane norme.! to

the free strearn is the same cs if this flow w,,re two-dimensional. This assomp-

tion implies that the varicions of the g*.*.ie'rical properties of the body in

the stream direction 3re sriall and, ohs, that the angle of attack and reitdant

motion% be restricted to small amplitude.. The force per unit uxial dist-vn. ,

acing ci i u 0 _ ... .O.... * -# ,. ,. A -kre cof the rn --
entum of the cross-flow. Referring to Figre 1 ond assuming tfe angle of ,ttack,

a(x, t) , to be small, the velocity of the cross-flow at section A-A s

Voa(X) and the momentum is /V f (x)Voa(x,t) , wliare /
is the mass density of the fluld, f I (x) thn apparent area of the cross-st-c *on,
nnd V 0 the free stream velocity. Therefore, the fofce per unit distance n',t-

ing on the airship because of Its motion, positive upward, is

O - fX 0

(2.6)
kd.Within the limitations of slondr-body the'wxy, tfie w'bitarital derivativa has

~~~~the form -in -.
th frt (..17 ~ and Eq. (2. 6) becomes -

A,#

(2.7)

where the angle of attack at each crms-sec ion Is

VP V
(2.8)

AS RL TR 72-1 6



Subittutiny Eq. t2. 8) into Eq. (2. 7) and different! t: i, the lift due to

motion per ,.inlt length Is

(I -v

IO, /'"if

I/A I
-- .(2.)

where o . Integrating Ei. (2.9) clonq the length of the

arship, the total lift due to motion is

_V, o 4.t

00

::, (2. 1 O)

In applying the limits of integration to the first and socoM terms of Eq. (2.9)

the uppor limit is taken as the location of the section F .noximum span of the

toil fin, i = xT , because the turbulent nature of the flow oft of this

- .section disrupts the twc-dimemionoi Idealization of the crnss-flow (Ref. 18).

The quantity xf(x)dx Is recognized as the appcrent mass of the

,ship and macy be written as a multiple of the Physical mass, 'Z2 a

where 2 Is the cofficlent of additional apparent mass in the transverse

,iecto. no quantity - / i approximately zer

ASRL Tf 72-1 7
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bec (x) is symmi-tricolly distribute ,bou the ccnt.,er of gravity;

hence the final term ir Eq. (2. 10) will be orr:tte.d. With these modificat:.r,

Eq. (2. 10) may be rewritten as

k7

(2.11)

where (f I r is the value of the apparent area of the cros-section at

~TT

2. 1. 2 Pitching Moment Due to Motion

Tie pitching moment cu wto moti.wn about th center of gro,. ity

-.,,', Is

hoi,,
V. = yn.- h'

,, Substituting Eq. (2.9) in Eq. (2. 12) and in;zqrating up to K xT as in

Eq. (2.10)

ASRL TR 72-1 8
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(Yr )r X~) /I () *.

4.L.

* 2' */

V . !"z

The quantity ('r,, - r 'Y' / ) /( is the apparent pitching moment

of inertia of the airship and may be rewritten as k 310 ,where k 3 is the

coefficient of additional pitching moment of inert;a. Nealecting the last

term of Eq. (2. 13) as in the case for lift, the a tchina moment due to motion

becomnes

P012.2 Stability' Derivative- from Sle!nder Body Theory- ;

'" By defining coefficlenis of lift-an~d moment as -

4.7

i~i (Al1!A 2 (K
liv . . .



an (2 -6)-

7.

q C

'a'Z

c< V"

-Y -(V.4""b'
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where -IVPL

iT-

VOL

(2. 18)

Instead of using stability derlvoives as expressed by E&s. (2.17)

above, values basd on current design practice which ;include vlscostty effects

may be used. Therefore, a more ratinal approach i. expressing the left and
moment due to motion at small c igles of attack, is tc wr'te E-4s. (2. 11) and

(2.14) as

21/9

V.. =(,deg -IV

! .3

A crorlson is given In Table I of the stability derivat ive

obtcI.od from E". (2. 17) and by semi-empirisal means for kth exnmple air-

ship of Clhopter IV. The theoreicol values tceed the empiricavalues by

ASR L J 72-1 1
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approximctel!y five to Tift~en percent, whic ~ attributed to the. n-lgloct

of viscosity inslender biodv theory. The vqjues 6c/en '.i column 8 will be

used in this report.

2. 3 Amro nom ic Forces Due to The Gust Disturb.,nce

The lift due to a vertical gust dhtsur6b.nce may bb vund by
conside ng WG(x " t) us the cross-flow "locity. Reptacin ' V a(x , t)

by> WG(x ,t) in Eq. (2.6), the lift per unit distance due to the gust dis-
tur ance; positive upward, is

___~ex W olfv/W v U

1_or' W4 ( 99(

(P.20)

'2 ~ It is ossumed that the gust profie does not chanq,.. with Yii but travels along

the x-.directi-r, with a unifrm. velocity V and :s derinod by the -alaiion.-

ship

(.21)

This relationship is a solution, of the general wove equation and has the prop-

erty

A PL TR 72-1 12



le I -1 er

which simplifies Eq. (2. 20) to ,

where W is the amplitude of the gust profile. Integrating Eq. (2. 23), the 11a,
'i total lift dlue to the gust disturbance is ]:

W& I/ ;Z X

(224)
a nd the pitchlng moment about tke center oi gra',.i, positive nose up, 's

A - (225)

In terms of the expressions for . and
given by Eq. (2 17), Eqs. (2.24) and (2. 25)-may be rewritten as

W,9 V,

41
'-- 17.2-1 1

' ASRL TR 72-1 13
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!4/ %V. L" X) ( is.S. 4',

• ... (v . i - x , ,x,

As befors-, more realistic values for and

may be used in :qs. (2. 26) in pa'-e of the values obtained by slender-body

theory, Eqs. (2. 17).

2. 4 The Genewal r uations of Motion'

The equatons of motiorn o the cirship in dis'urbed fl:gnt,

Fqs. (2. 4) and (2.5 , Itcve

4'.< (6.) )A _" (i/o.,. j '-. ,.,.
AJ

M=to. ./O V. Wrd)V

;V 4r V

To I2 110, 9 r9(O'A 1',

i228)

rj



These equ-tions mey b-- simpliried by Introducirj '4~ nondirrenii0nnI timep

vciriublI p " 9 //k., which Is the oirsihp length trnvelie~daor4 iihe
nond,lensional vwtical displacemnent 3 -/' In transforming to
the ne-* time variable 4 the Following r dntlanships also hold

hV

.Zz.

()denot ,s differentiation with rcerct to 4 Forthermore, the
-physical ond aerodynamnic characteristics of tho !4,hir, m,,v be ret'eienrted 6y

the fol~cwing dimensionit~s F.orumeteis

V*4V

A/

ASRI TR 72.-1 15
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:T

in tefm$ of thi" oew time variabla ,f" "ndthe prawmt$rs given in

Eq. (2. 30) above, ;he c'qjations of motion of the oirljip in nondimensional

I rwm become o

1....:

where

6C, r "Wo ,

(2.32)

IK/

(2.31)

2.5 Discrete Gust Excitation

In the discrete gust analysis, it is convenient to determine first

ttie growths of lift and rnor.-tnt ticting on the airship j! It penotratc-i 0 sharp-

,dged gust. The growths of lift and moment duef to on) desired gu~st pofile

moy ?hen be obtained by applying Duhamel's inl egral to th, sharp-edged

.-us,4 functions. - ....

ASRL 1Z 72-1 16
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The growth ol l1ft d * to a sharp-ed i"{ gust,
is obtained f'rm :Fq. (2.2) by put trg Wv/1 4- T).. .o c,,od integrating

up to th,-fust front -

" /0 - - -

)(2.34)

Tb.s 0,4,e .i;r#g on an airship as it penetruti- o sharp-edged gut var;es

' ith the apparent area cr the cross-section at the pust front. Similarly, the
growth of moment due to a sharp-edged gust, 0 is obtained from

Eq. (2. 33)

;. 1?-- (2.35)

which, after integrating by parts, yields

[,.. O /4L- f

rr

(2. '
, The geowths of lift and moment due to an arbitrary dlscrfte gust profile,

V4 "41/W,6 are obtained by applying Duhamel's int-grol to the indicinl

mfin'tions of Eq., (2. 34) Gnd(2. 36):

ASRL TR 72-1 17



~1''

, 4
4 (2.37)

___ We O or S'0~

(2.38)

where (r' is a dummy variable of integr1ie.o,. Knowrn% the forcing functions

9~ (4/ and '~()it is $hen posiib!3 to solve the coupled ecwctinni
of motion, Eqs. (2. 31), for the responses TO) ana 0(4) . Since the

airship is al rest prior to disturbance, the acrompanying initial conditions

at , are

.4 4
(7.39)

2. 6 Random Gust Excitation .. t
The r2nst,onse of the airship to rardom gust exEitatios mo be

clatermined by applyh'g the concepts of genei.,!ird harmonic analysis which

are discussed In Ref. 21 llhrough 23. With the application of these concept%

the reTponso of the airsNiip can be clescri6td ;n t rs of statltical or averagn

quantities, the most "mportant of which is the mean square value. It Is

assumed that the gust turbulence 's a staticwry random proces possessing

the ptoporties of homogeneity and isotropy. 'Itationalty 4d homno .tnetty

imply that the statistical characteristics r,.F t, turbulence ark inva, iont with

ASRL TR 72-1 18
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lime ao.d j , ' , repectvely. sotrcpy impl; s .thui 1he 0t'Ht tcad. proper t i,,

of the turbtlence ae independent of the airship fMi7ht path.

It has been shown (Ref. 21) that the ,arn square value of a i Cs-

ponse of a 1lnear system, - a , may be faun' from the following relotion-

ship.

where HR( ia ) is the transfer function a( frequency response function of

the system, and w () is the power spectracdensity of the disturbance,

both functions of the harmonic frequency w. The output 0',r may be any

reponse of the system such as velocity, acce!oration or stress. The tvandfer

funct:on is the ratio of the amplitude of the s)4tem response to the amplitudeI'{ of G sinusoidal forcing function.

As in previous theoretical studies of aor turbulence (Refs. 22

and 23) the power spechol density of the vertical cqist velocity will be approxi-

mated by

(2.41)

where W4. is the mean sq.,- value of the vertical gst velocity cnd

I , is the scale o! turbulence, which can be considered as an aporoxima.e measure

i2. ulF the average #dy size in the turbulence. The transfer function of the air-

" ., ship Is fau.d by subjecting it fo a continious sinusc Ida[ gust pattern of the form

"F

SAStL TR72-1 19
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o4(,e t>-

h i Equations (2. 41) and (2.42) may be rewritten in terms of the reduced frequency

parameter 10 as

7V.

I ~4 (~A/Ah (2.43)

L 0.44)

where 4 = .T - steady state lIft and mor!ment func e

tuined by substitt-fing q. (2.44) into Eqs. (2. 32) and (2. 33),-

C, .i4I

(2. 45) JIV where

JO(.4a

ASRL TR 72-1 20
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4Z

r

(2. 46b)

The displacements . and 9 will also be periodic and may be written

C~44

(2. 7)

where 3 -' a are the amplitude ' f the dislacements and are
0

.omplix quantities. Substituting Eqs. (2. 47) and (2. 45) in Eqs. (2.31),
the equ ons of motion in matrix notation become

,:.. !-IC 1t. t

L LI
(2.48)

The transfer functions with respect to the vertical and pitch accejerations
ore obtained from Eqs. (2.48) through the foliow!ng relationships

ASRL TR 72-1 21
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IT44I

lejz

(2.49)

Finally, the meani square values of theie nccelorations are found by applying
Eq. (2. 40)

S,11 .,

"5 fi W _01

L1909

7. 7r oL. 14 (2.50)

F ' 
4,-,
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CHArTER III

STRUCTURAL LOADS

3. 1 endIng Moment and Shear Due to Discrete Gust Excitation

The structural ',ads acting on the airship may be found by
considering the Inertia loading and the forces due to gust and motion when the
airship is disturbed from its equilibrium flight condition. The airthip is assumed

to act as a free-fre* beam with its loading p( x, t) distributed along its longi-
tudinal axis. With reference to the loading diagram given in Figure 2, the

b, e, ur, ; moment at station X are

a r, 0K

(3.1)
Substituting p(x, t) from Eq. (2.3), Eq%. (3. 1) become

/o /41X 2

S "(3.2)

(3.3)

AS!L iM 72-1 23
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I,

The bending moment may be exprotsod in nondimensi - forwd W
by the following coefficint which is commonly used in airship design (Ref. I/,) "3

(3.4

Substituting Eqs. (2.9) and (2. 23) Into Eq,,(3. 3) and convert~ing to the non-

dimer, shoal variables 4 and 7 , the bending moment coefficient
at station f* due to a gust profile " (4) becomes -"

W,

L 1o

r-"'

S (,X Zj 'O A, F 24"-V /

where i/4 is the indicial function for bending moment

4
(. , ,+ (_ S f r ) { , rK9J oU U ,r

(3.6)
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I Ind
1'

bI

I;

.I'< . I,= ./ ("f- }( ,,,,,r) &%'f

i(
I,'! z. r .fP ,,,r¢

%15

, (3.7)

The shear may alobe presented in coefficient fom by deflnn* g
a shear coefficient as

* (V) = '

zvp

,, (3.8 )
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II

.'* .t ~ -, c , ~ dr err,-'t~

Avl

1.4/ ,,Ii

r I.--,

wher qq il he ndiial uncioyicv heu

(3. 10)'

and

A35RL TR 77-1 26



3. 2 Skeor tid ;,nd~No &lcpnont Dve to Rnm&orn ( ~ ~ t

The appl;a-otion, of grnerolized hvir,';c anal ysis enablft o'ne
4to fin4 0, Pi sq-r of thom. sh .y in r, rv ic nt % f ?ntic~

of Him ,,l o~rIuf lwj-r . The pcoc,-dure o-ntvik frst the~ det~rrnot~on of
thp tranifnt furictio.s wth iespcct to shoor und h"'ding moament and Ohen the
applicl n of* F. (2. 40) to obtain the mean squc,, '-olue3.

Th tran-.fw function v;#h fasp,-ct to shtxor is found bv spcfyn

the gust pottern as

nEq. (2. 23) und the disphecen.ents & ar at

'44

o e

- (3. 13'
in Eqs. (3. 9). The resulting steady-state -herir evr,,no-tson at stritio,
becom'ves

'49'

Ti Z
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I' ... t. , , tE..~rt,:q rq. (3, 14) as

where

VOA ~ -[~ JsJ
(3 . 1,)

the transfer fun-ftln with respect tc the shear cof!clent is

.~~~ ~ P 1,_/1 ,,.-,
"-/ __,v,,.__ - v ;-) /

The expressions SR and S iM are the real arf i,7irnary compononi; of
the terms in the brackets of Eq. (3. 14) and are Oven in Appedix A.

Applying Eq. (2.40), the mean uwire value of the shear coeffM-

-,'.et--"C-- J, I

A.4

,,;o¥,2/ . ,, 0 +* J 4
(A(3 1",1a)

In a sir;a mnnn, the steady state aniplitt , ar the 66n,rog~ fe-umrent is

found to be
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1010

(3.70

:i:-  ) '', = .,'4 E(O2 r , 5' ,,, , 7.. -

the transfer function with respect to the bending Kiroment coefficientT-

'F__ _ _ _ _ - - --

4_ (V(]Vol

- "(3.2')
I -and the mean square value is

4( 2

A A.
/ " L2M(3.22)

The expressions For (BM) R o (M) iM are gv-n in Appendix A.
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3. 3 Corrections to Account for Viscous E'!.cts

The *xoiesslons for th&sheor ond bending moment coef(ic'onli,

Eqs. (3.9), (3. 5), (3. 18) and (3. 22), arn consisteitt with the locd;ng uw-
to derive the equotions of motion (Eq.(2.31) ], if the stability -,.r ivo';.

and apparent mass terms of Es. (2.31) a, derived from slender- body tl, y

and do not include the modifications suge, d in Section 2. 2 to account
' i*fo, viscous effects. If viscous cerrect;oris ;r . ,wd'i In the equationt rfI motion they should also be included in t' m h. , ,end ir n nt it -x-

pretsionh. A means of doing this is to niultiply the appropriate terms of
th,. shenr e:nd bending moment equations b~y the oatio of the empirical vahi

;o ";'- slender-body vulu2, Tnes -orr,," ),o , , -" t . .:r+: -

. they may be applied directly to the Integrals i1 -I tIle ;rdicv:

functions w , , ord the functions a° , of

Eqs.(A. 14) rnd- y 0 6n, of Es. (A. i,6). Table II presents a tabu-

lation of suggested corrections to the corr, ip,,Jnrg slender body values

which have been oproied to the exarnp-,. -41,p of the next c6-.oter ar-

may also be used fo' other airships of similar design.

A 7
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CHAPtER IV

DYNAM-C RESPONSF AND-STRUCTURAL -

LOADS OF A TYPICAL AIRSHIP .
.... ,~ ,,

The dynamlc 'esporise and resultfig stevowual loads -are comcuted

for a typical non-rigid aishtp under the influence oF d;screte and randon gust

excitaior-. at an altitude of 5,000 feet. The pcram,!ers ri..uqred for the qu-

-, at;ons of motion are .

= r2 3.318

. =4.114 - 7362 h-

. r 1=.6776 n .2923

4 1(4)

and were evaluated from the data presented In -abi- 11. It It oten that Ike

variatlos in these ,aromoters are very small for the four major types of non-

rigid airships currqntiy Ir, operation. (Table NJ). Fuvthermore, since the

operationai ltitude of the airship is probably between sea !evel and 10,000
' teet, v~riations in the air density will also be small Thus the parameters in

Eq. (4. 1) above and an altitude of 5,000 feet will be considered as typical

rf all current non-r;glU a~rhips. Therefore, a paron;rtr!c stAy ,*III be ton-
f ind__ to varying the gust disttxbance parameters. Tb., data f3r Tenthl, iII

and IV were Mken from Reft. 16 and 27.

4. 1 Aepoe to Discrete Gust Excitation

The trans!ent response of the exomple ahihip is obtained by
% %olving Etq. (2. 31) with the prescribed [nitiol conditoin of E". (2. 39).
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I

Thm !r'.Ivsis !nfais first the dterminot;orn of ti - . arp--dged oust fun *ioni,

1Eq (2.341 and (2. 36), the- spocifications of a puit profile w ".
', I and the evaluatlon of -j n 'nd .w. (, ) from Eqs. '' .37)

"an,! (2. 3P).

The or,-Ywtis of lift and moment du#, to a sharp-edged :qi, do,-
pend nn the opr arent area of thb cross-section of thk airship at tOe iftt front.

For s o;ons on the envelope between the bow nr, rirn, 0 . f .$

*,' the ar,,rent area is the arn of the cross-section

where R is the radius of the envelope. For the '-.l fin ,nfiguration of

Figure 4a the oppareni arma of each cross-secti o is (?,ef 24)

i, fs'= -,,R"(4.__. _

The fins of the exanole n;rship ol.o have a cruc;i r'm configuration but are

at 45 degrees with the xertical plane, as shown in Figure 3b. SInce the fins
are rotated at 45 degre, the vertical lift of the c'.c's-section shown in Fig-

twe 17 ;: Identical to tItt shown in Figure 3Vi if bc,- are immeried in the

same flow., Hence, Eq._(4.3) will be used ;In th0, rpjrt. Theexpression

for the-wT ,ioo, rodius R was obtained irom Ret. 25
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Usint; Eq. (4.4), tki indicinl functi i $or lift and rnov'e',t

' . dut to ,,' penetrtior., r,-%. (2. 3.) and (2. 36'), :1--

v /.Oxf 92ioA6 A ic 4( 7 "'

Tv

Vx 4

where

, r., 5.ZD r
= '"Zoo P-T -

6-r 2, / F7

2. (4. )

For cross-sections of- the fin body combrnation, ! ?r ,

Eq. (4. 3) was evaluated from Figure 4 which pr'tsont the approximate plan-

form of the example airship fin. The apparent area in th;s region was approx-

imat d by straight line s,.qrnerits as shown in Figure and the, indicall funcf;eis

for this region are

"O o,;; .. ~ o0 "41 / / '-'f;;--

,et r 1 -,. 2#ill ,

-N L / I 3;1 ;--. :°-. -- % :4 -- b . : 7 "- '4 ,"-'.'- ,'' -' '--..'-', - ,: " """:"" ' .33", -



AIA

.- 4

] "

(4 .1V~ r - !

* h*,'f /i ~ ~ ... . ",,

1*.7
: (4.9l)

P lo % o f a nd -rr e p r e -o t e i n F ig u r e 6 .
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The discrete gust proFl'e selected fo this st%.dy is

where is the gust gradient distance In terms of the airship length.
Plots of the growths of lift and moment due to this profile were obtained by

ures 7 and 8 for values ofJ* equal to 1/12, 1/6, 1/3, 1/2, 3/4 .

The equations of motion were solved numnerically by using an
Adam's method expansion retaining third differenccs. The required first four
points cf the expansion wet'e obtained by a Rungs..tta solution of the two
differential equations of motion. Th"s numerical procedure is commonly used
in solving equations of this nature and may be found in a standard text sucth
as Ref. 26. The conptatt, n were performed on tk-e Burroughs E-101 Digital

Computer.

A typicai time. history of the nondimensional response of the air-

sh;p to a one-minus-cosi' gust with a gradient distance s= 1/2 is pre-
sented in Figures 9 and 10. This gradient distance was selected as an illus-

tra~ion becou . It n,,4v -a- t"- it'cal loading i ie airship. Th;s is
discussed in the next chapter. The results of the transient r ponsn are
sLrmarized in Figure 11, which presents the maximum values of the non-

dimensional vertical and pitching accelerations of the centc- of gravity as
functions of the pcramdter -S . The tin'es for these 3ccelerations
, t3 =- their peak values aro also presented and given in towms of the
penetration distance 4

IF
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Ti-re hkstor;#- c-C tfo follo-- m Y, also be~n rclculcot-

i~~~0 Ftntno Y oigu're 12 The onale- of ottnci' ot the centK' of rs' -w"e

of the fir. 853 caclae fo

Iio / .

(4.;2
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4. 2 Response to Random .Cust Excil icon

*. The procedure In the random quit analysis requires first the

determination of +he steady-state lift and rxciment furctions, F 1 (k) and

F2 (k) , given by Eqs. (2.46) and the computation of the transfer functions
.W'r and A , iFqt. (2.4 9). Plots of th. absolute values of

1AT4Y / 7 a ,and //'/ aregiven in

Figures 14 through 17 as functions of the reduced frequency k. The mean

square values .r,, and " are presented In Figure 18 as functions of

the scale of turbulence . , obtained by numerical integration of Eq. (2.50).

The integrals % -e found to converge at k = 100. The power spectral density

of the disturbance wied for t6e computations, Eq. (2.43). is presented in Fig-

ures 19 for values of the scale of turbulence runging from 100 to 2000 feet.

4.3 Structural Loads Due to Discrete Gust Bccitc.'ion

The physical and cppirent mass data required for the structural

analysis is presented in Table V for various statiorn " along the longi-

tudnal axis of tte airsiip. The di:tributed mass of the example airship was

I taken from Ref. 16 and Is presented !n Figure 20.

1I, A ti-me history of the shear coefficient, Eq. (3.9), at station

f'7 0 = .8171, is presentcd In Figure 21 as a function of /'E- . At this

station the shear represents the normal load on the tall section and is of primary
ir. prtance In design work. A time history of th - bending moment coefficient,

Eq. (3. 5), was computed at .4572 where it was anticipated to be a

muximum and Is presented in Figure 22. The maximum volue of CBM is

very important to the designer since it dictates to a large extent the daiign

of the airship enveloefe.

The follow'ing computations are also presented:

. Figure 23. Peak valuesoy 'Cm /W/V _ at
f .4572 and C/4. at f-~ .8171

ota function of -4
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* ...

*: ,
Ib. rNgures 24 and 25. T i wt h t cX :.-I /...

3r 3171 and dpv/W,/v* at .45-,'

for ,.4* 1/3, to T ~lust,,,e t!r relative ronribttioni A

of the dlisfbance, motion, arid inertia forces to the

she(r and bend1rg mom,-nt.

c. Figure 26. First positiv, p -nk and firt negc' ,t p, p-ti

of (s/W/v. atofat;,r-s !'o . .354,0,

.5900, . 7080, . 8171. :
d. Figure 27. Envelope of F'1k values of 4jv/W,#/V ar'J

times of occurrence.

4.4 Struct I.: ',--z Duz= ! R=2= Gu-. £.c;Iotion

The nunericol results of the rnrt,-m ut analsis oe summari7fd,
in th-, following figures: '

a. Figure 28, Square of ahclute value 6f transfer func!-' 41
with respect to shor coefficient versus k at station

.8171, calculated from, Eq. (3. U).

b. Figure 29. Square-of ab'solute value of t-anstrif fur,ndA.,"

with r4erpct tu bending r-oment coefflcler vervA k of

station $ - .4572, calculated from Eq. (3. 21).

c. Figire 30. Mean square volues of sheer and bending

moment coefficients versus sca:e of turbulence, calcul-

. i..i.y nu ,rlr.al integr,,'on of Eis. (3.18) and (3. 27."

!7
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CHAPTER V

DISCISION AND CONCLUSIONS

In the rxvious chapter the reiponses aru Otuctu'I loalIds of the exor-pier

a;,sh;p experiencirg a one- minus- cosine gust and randrm gust disturbances have been.
cnIlculoted. They tire presented In nondimensioral form inde".ndent of the gus, rlmpli-

tude W and the Iorward velocity of the eirship Vo As indicated In Chapter IV,
the,,e results also repr-sont approxlriitHly the choraz:ar,*itcs c,,' other non.rie,id a ;
currently, in opo-otion. :
curenly The snif;rxant obswva.ions that may be r'vn from Figure 11 ore that i,.

it' pitching acceleration reaches a critical value for a i:tnh 3 vrrodlnt distance of ....

tpproxtImately 1/4 he-.,s the vertical acceleration is critical for a grodint rc'i.tanc,

of cpproximately *1/4. In both cases the peak acceler, A ',ve ccur shortly after the . '-'

pAk. The results at the random ,ust analysis (Figure 1 tnd:,:ate that a scale of
turbulence of a1 /,vivwttv 1-1/2 airsh;p !engths Is crilirnl for the vertical occolfer'in.

Though there :s Insufficient information in Figure 18 to ,'-termine a critical scale of

turbulence for the pitching ad-celeration, it appeaHi to b,- lost than 1A an airshNip ier'4l 0
" C.zrelatiot between the discrete and random gust reulr- is faorable. _ 8.4 analyses

shcw that the critical wave length of atmospher!c distux' nce Is short.r for the pthch".
acceleration tin for the vmtkal accp!eration. Ao, t o values of -

T/4q,/w., agree very well, the ratio of the formr to the lotier bf, r. 1.5 to 1. 3., Is l'oud be noted that this last result is io be expet-ted a,,d is dicuss!d further in R. 2

in which the discrete and random gust alleviation factors of a rijid ai ar, Wore -!so

co-rparable.

The results of the styuctural !cod analysis ara e.,en mare significant

since the designer Is primarily interested in the r 'xli,,m bnd!rw meant &n
tio envelope and the rnaximwn loa, on the toil set;or . The remilts in

4 ASRL TR 72-1 39
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~ 2?,23 rnd 27 oh~owt thth n'o 'rdrq oment -n rhm p,olc'-

OCtr1t$ ytry n -r thf' lcrTntiOrl Of the Center bf qrC'vity of t~e airdhin ( fo =
Or.-J Ni caustd L v rigust of approximately one a~rthin length ( 4'I 12)

Figurt 23 in~icate-. that in each case the peak of the bendinp moment ol ff a

ceflti-r qrovly occur.; shartly ofte? th.a gust p~k L:e normo4.l load .,i ,he

tail soction (the shear at 8 1~71) also reoches a critical value lor-1/2 (Figurm 2' and 23). T~is crlfical -value is attoin';3 a! a pene-

trafocn distance of 1.746 or! p lengths or at a ps "imately half in oah'Jhip

J Iengti' offtte osh -,tit front strl~@s the tail fin ekd-ga~'4 e. As with 01-

ra.%e rof the ftical and pitehin occelerations, thiere is also favorable corne-

lctio0 betw~een the discrete and random load analyt-;. The rondom analys
P (~~Ficure *;0 sheyw% that o icale of furbulenc,, of opro x.iat4Ay one o~plectk

N #&,e ~ r'413-a for both fihe ouium envtope bending moment and

th ,0load. Tbtrefore, 6ohmeiliods of orrlysis :odicote tha.t the critirn!~

wave length of r!"M~ l~eric turbulence Is the some- for the envelope and tail

loatlngs. The m7-AIMUM Values of the curvei or F-,reA 23 and 30 com~pare 'i s

folIlIO'Ws:

The rosih o 0 64hi secton ir-Acate t ,t to dtetermine a critica!

jgust I-nattvi or the airs !,pi is ne'csory to go b-yond tlhe defermpnotion ofI ~ ~~the resronte of th.. arshin, -*;s .--- vary 4n 1 1  ccd

4'R P7-.4
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airship. Th., point is SUPP-.ted by the fact that lhe cr*tical value% of tLe
vertical aLcceleration of the cenley of gravity and the pitching acceleratlion

are not ca.set by the same gust length which results in critical values for the

loading ( ,v = 1/2). Furthermore, the angle of attack at the center of

pressure rf the fin (Figure 12) irdcatm that /-l 1/12 is critical whlie-

as the vertical acceleration at this station (Figure 13) indicates that an -fs

of 3/4 or perhaps greater may be cr-iical. Therefore, on the basis of the

structural load analysis it is concl,,ded that the critical length of a or.,-,"inuvs-

cosine 01,,5 and the criticnI scale o turbulence are both approximotelv one

airsh;p IlNth and that Fi re 23 could Fom the basis of a gust design criter-

* ;on. These results do not agree w;th Flomenhoft's conclhsion (Ref. 15) that

a gust with a length of three fin chords is critical. It is realized that his

conclusions are based on the acce erotkir, response of the tail instead of the

loading.

5. 2 Comparison with Sharp-Edgd Gust Results

A A comporiSon will be made with the pocodure followad in W

Refs. 16 and 17 in which-the 10ads on the alrship cre analyzed for a 30 foot

pe" sec'snd sharp-edged gust appi~ed normaI to the plane of the tail fins.

The shear and berd!ng rnrent distributioi are ca- x ted based on the, verti-

col load at the sterndu to this sharp-edged gut. This prcceduredoes not
k.. consider gust loy'dig of the envelope and poume' t:hat tN. ttsrn load rfrre-

sents the most critical gut loading c-o:nitiori Tt,- rosuits of thTpr-ent

4 :investigation, however, (Figure 22), show that th,- maximum bending mor,-
ert occurs before the one-m"rus-cosin e gust readhi the fin leading edge

; (a t .f = . . To show that the m x murntal ; -d as compute,4 by the q "

method of this report does not result in the critical bending moment on the

envelope and that the envelope loading is imFiortant, the following calcul-

atlons are made. Assuming that W0 , the peak of the one-m;nus-cosin,

gust, is 30 feet per second and V the forward velocity is 122 feet per

second, the maximum upward tail load is found from Eq. (5. 1) to be

-Tsw ahaai.ao eb TPy 72-1 41th
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The moment due to this lood obot the center of gravity Is 1,440,000 Ft-lbs.

Thi net load contributed by the disiril-uted tc -dng on th,. invok'pa botweon
the center o' Iovity and the tail 'int, calculated at the Instant that th tail

I~ ~ *4I. cac! 4 r,f( jd*o bs 4,2 !L;. d A, -

net bending moment oocout the cenit.r of gravity becomes only approximateiy

200,000 ft-lb. It is se.n that this n,.,mber is a sinal! difference between

two large nurnbe-s and its accuracy depands on tha, accuracy of the distri-

but& loading on the rear half of the en'elope. This distribui.d io dhg is

essentially the loading due to the gust disturboire which Itself requires expor-

;mental verification. One way iu zccompitih this is to record the time his-

tory of the bending moment at the center of 11rovty and to verify the, fact hs

the gust disturbance at the taI will cause very high local lh,. 1, 1 srhll

bending moment at the c~nter of gravity statlon of the airsho.

A further cmprlson-may be ,,,, of thop maximrum bendinig

moment on the envelope and the shear aM t'e toil s.c!o, Reference 1,

I gives

and the results of tho p;esent Inveslgation give

.4

4, ( 4)
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sk'e rest-. nl f. 16 thn a. uncon!erv-tive In compr"-'on with theproent

investigation, mreso for thn Iending m-mant than fc, 1he shoor.

In calculating the operating pressure of the enivelope, tWe value

#')Sr ,r that is commonly used is .01P (Ref. 16) and is indr.

...-dent nf th,. gust amplitude and the airship flight vOlocity. The valuA of
(CiA)4, ,cg obtaino-d frc", Eq. (5. 1), however, is a function of both the gus,

-.,nplitudR and the night speed. Far a gust arnolitude -A 30 fevt per second and

a flight sor.-I vf 122 feet per %#-nd, Fq. (5.1) give a value of .0198.

5.3 g~nc It io

The major conclusions of this report mc> be summarized as

follows-

1. Therow is no aprcc! ~-cwe~edis'-retegus facor ,. and-

and the-ndY'i gust factors- ( 7 , 7
4' )..A%

and(&/ A.
2. One-,ninus-cosine gusts of one airship length and

4tL. ) random gWit dlsturbanctwith a scale of tululence of

one airship length are critical for both the envelope

and empennage :o.'lng of th*. ,irship.

3. Gust loads on the en'aew nn t-N important and chould bk,
con:idered in a theoretical a,'ysis.

4. The critical gust lrd oorumnters for the envelope and

empennage of no.*.tg;d oir-hips currently in operation,
based on the discrete gust omlrlis, are

3'- (S. = o.

,., . o/

V.

4AAL TR 72-1 43

% M



N' '7..

5. 4 Re.-r-,. :t'drimnn- for Ftttx Rf-seorch

It 1% recornmend~ed that the. exornin airsh*p be instrument..d

f-x fliqht testing to obta-rn comoari,,on with the :hi-orf'tical results of t',;s

report. Fr~ correlatior. with the discrete gust study, time histories, of Ihe

fallow irg should be recrdced:

1. Ok V- Ii ca I v~locity .-nd accelerfat ion of the center of

2. Piltd.;rg angle, velocity, and acceleration,

3. Vertical acceleration of the. tail section ,

4. I.brmal load on the empetirvage and bending mnt

cit the ceo'teor of grav~ty of h; o~rihop.

F.;7~ a correlation with the theoretical rnndon eiust study, the tran-fer furctions

of the ve.rtical and pitching accelerati"ns nd cf tke empennage load and en-

velopa bending moment should be obtained. Di~rtng riie rem? fu hecon~rolz

of the airship should be lo:ked and any deviations from a prescribed setting

~~ ~should be recorded. The NACA and 'he Poeina Airpiao-c Cov~mp'nn-lv.

been successful in corsduc-ing similar tests for airplanes and Refs. 28, 29 and

30 are recommended for further study. Two bonii t,r'C L

used by the NACA (Ref. 29 to deter-ne thk o- plitudes of the transfer func-

tions may be mentioned. Thet first mothod mrc6's uA' u p - e

the airplane response and t!.e gust input. The siecord method requires the

spcrtiof aipaeresponse adthm cross spectru-n betwreen tk^- input

and the airplane respi.,re. If the mwxsur-'nents ol' the gust input ate accuraie,

the two methods should give Identical results. In determining a mearns by whic:h

Obiityof sin aflow-direction vane mounte-d on o b"Krna and otgched to the
bow f tt arshP. crius oom ibrtioal ro~emsmayarise, since the

+P irsipflo fkd.-'Fths iethd s nt-wcr,!sv1 fit-mehod suoqesked

in Rof. 15 may be tried in which an inshumente,4 nirplane would record the

turbulence izve! in the neighborhood of the airship by making successive

ASRL TR 72-1 44
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pcsv k i4
.r;N.p. Tnk lattef mtrliv, i; . r For rneasurIert- of I~i-.

pow- 'i of tki~ - but not opplial ocr ,srtn.Ioft.

sp-*ct-utri tL,#,twAorI the j.,tst and airship !ep-"zc.

k~ roealiz#-d tkota 4,he controls locktd condition is somewnoi

id"! s, nd f at the r-1,ot is constc-ntly utnq tke controls to c,,rrect for

*dimuf bancr'.. 1! is svr, d therefoc8, th at a ~ic!study b- rror,

wnci ~:: nc~d~cn :1vfrxratic conhoi Vsten aov-i will considen the effects

of control surface deflections on -he ri-spornse and Ioad. -g of theoairihip.
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APPENDIX A

TRANSFER FUNCTIONS OF THE FXAMPLE AIRSHIP

A. 1 Verticcl and PiIching Accelerations

The %unsfer fonctions with respect to he vert'col end pitch;ng

occ,lerations of the aotF'p are found by applyig Ctomer's rule to the systeyn

of Eqs. (2.48):

wig tic) (A.I )
v"o

Wo v

(A 2)

A WL .I = ' ,

The lift and moent functions F am F2v ) are
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and
a1  1.4187

a2  4. 8634 01"

3 ":3.5814

a = 0.7232

Substtuna Eqs. (A.4) into Eqs. (2.46) and integu;,u,y,

F,(k) and F 2 (k) can be reduced to the following forms:

42

2r

__ ~ (4, A 4,s,41

A .-J~5fr A,)'7

'71 
(A. 6)

we,,
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Av=

Ji,~

Iv,
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~' 7. - ''

7w

4F,

-- -0 - c*

I

i

_n .... 4Y'

4z (A.RFCC

utW!zh:g the sme,, oximlerm Fc the sine and cosine terms of rEis. (.A

and %A. 7) oboo tthe point k 0O. Followingthtisprocedure

'ASRL TR I2- V)
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Rewriting F(k) andl 2 (k) as

1,,, . *o I .

. Eqs. (A. 1) and (A. 2) in expanded form becomie

Co A§2
I -I

(A. 11) I

where
,A. f A F. 1 d I

ASRL TR 72-1 51
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(A. I

A. 2Shaow and Bendng Moment

The real and ima~ih,-";; .on., S Rand S im'of tht-

,,steody-state sh,,ar coefficient, Eq. (3.,17), n~reobtminnd irom Lq. f'3. 14) 6y
introducing th-,, diFplacFJo-nt amplitudes oa Eq. (A. 11) For val>- of

betwep-i 0 and Z.wihare of ine~A ilj; " tpor"

ro I

(A. 1)

ASIM T7, 72-1 52 -

A.2Sor n edn cmn!:
! ,,..,% .. ,-. ,,, .. . % % - ,.), .The %L real an na I.)fl, .'%1 ipo e , R ,,,d-S J."I-' .- , of.---' th .,'=-.' " ". ."-..,,". .



2~4 o<'p To13 V, o

Ca Ap K ryr ~

ID~~~A 14),L ~ ~ ''

ASRL TR 72-1 5



Similarly, for the steady-state b.ndinq moment coefficient
!q. (3.21), substitut;ng Eqs. (A. 11) into Eq. 3.19 results in the toilcwing

expressions for the interval 0 -4 .T

I' = = 41 47TA i~l~

2.A. 
15)

--INI

J Ilk,~J whj/e

i't-' (&'A)= ,/5- s3-J,.!.'

if: -" , /A/ L

L W
.= 4_ Y _- ,- I

,-.,,. TR 72-1 54
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TABLE I

COMD0AtISN OF AERODYNAMIC STABILITY

142 DIIVATIVES OF EXAMPLE .R SHir

Slender B-dy Value Semri-E.mpirical Vcilue

0.70.Ml 4F

1.41

A5R1.Th 7-1"A

-2.11

A'. A 7 -I6



.1,,

!$ 4 .
.

VISCOUS COI Fr:t IONS FOR SThI ir'TU*- A LOADS

Shear Btd;ng Moment

Sfender-4,sdy Tir- ,rrection Slend, 1,dy Term Correct;,

.85 .85
'110 - " 5 II - I8RS .85

110
' I.8o .75

,, , I..78 13

A,9.85 1 135

9 4

. : ,a "" 85 ., -85

' " - .8 eq5o

PO. ?.
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R~ M+-1:

AFRODYNAMIC AND PH'SICAL DATA

OF EX&MPLE k';-.;P

~i
0. 732 M 2040 slugs

". 57=, x 1.30 If

, ,,', 0 . 660 , 0 .9

VOL = 975,0") ft 0. w2049 St. It

L =339 ft X =15r ftcg L

R 7'37.7 ftM
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, , TABLE .fV

A.RODYNAMIC AND PHYSICAL CHA.#ACT, :" .Z'"- J

OF FOUR NON-RIGID A..SHiP

ZS G 4 ZS7G-V Z PC- *%A Z P 7-3

t p 1600 1590 1620 1753
234 - 250 ?57 255
2.16 1.67 !.7S 1. 6

-2.88 -2.71 -3.322.3

0.307 0.307 0.292 M.:1

"" 0.00199 0. C0186 0, M 177 0.00104

- 4

h " • 0.670 0.744 0. 732 0. e 78

1.45 1.24 1.30 1.193
0.759 0.117 M. 6A0 0.715

,,: ! ~~-2 . 17 -1. 0 % t 2 .0 !

V l- ft3 527,M000 650, M'Y75, o, 5

L,- ft 263 282 !39 40263.4
. -. - ft 31. ! 33.8 7. 7 ,42 'A6

1. (ad {diltional)$s1ug-ft 2 4, 410, 000 6,300,On0 12,3 .,0, c,-) 79, OK), CKA

02

(" Physical) %u-t 3, 760, OM 5,370, O(Y) 5 71) 1," 1) ,0, 2 1, 0mO, O(M"
L . Q t ,0. 870 0. 869 .0 n . 895

,1 17 1.17 1.17 . 1
" ... : ((oddltionni)-lunt 1215 1600 7'72 34,10

"Ma (phystkol) slugs 1250 1550 2-300 .00

,- noia sluai 2465 3150 1372 6040

A L Tt 7"-1 63
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TABI E V

, . \-

PHYSICAL AND APPARENT MASS I TFCD.A .1S FOR

SHEAR ANC CENDING MOIEN, l.trIf', INS...:.F,.NS-

Shear L

" "St on I1 I1 I 1l,'eI ;

Syin 110 17 1 9.

0.2065 ,;.,2 - 471 422 137.0 5

0.3540 4422 570 1026 6, 242.0 1. 3""

A ~Z148(1 ~ 5 148.917J

:tn I " 2037 2itA 23n. ,

0.7090 2925 3171 2437 7571 154.0 9
0.8171 1900 3385 ,7, ,,,, 74.46 !1 Tj

Desodnox Momeni
Station I I I

~ ~ ~2 3 '61f

'Al • 0.2065 -i05.8 11.08 9.31 3l.96 22. &6

0.3540 -105.8 39.86 25.'38 121.2 94. AI

0. 4F)72 0.0- 66.31 43.33 26 ,. - 1,3. 11

y, 0. 5900 270. 1)00.2 66.00 5,Y). 2 495.9

r'0....3. 611.2- 123.1 P4.37. 79(3.4
V,, 0.8171 972. 135.2 97,, 1046.0 1069.0

'H

, 0.002049 I,, /f 3

[g''
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